In this study we investigated the cerebral correlation of computer-and paper-based neuropsychological tests commonly used as measures of frontal lobe function. Functional magnetic resonance imaging (fMRI) was used to record the brain activity of 12 right-handed, healthy, young adults (five males, seven females, mean age 26.4 years) during performance of the Trail Making Test (TMT) using a special writing device. In the paperbased TMT, subjects were presented with a random distribution of numbers and asked to rank them in ascending order. In computer-based neuropsychological testing (CBT), subjects were asked to rank numbers in ascending order by touching the numbers on the screen. Despite the atypical use of a virtual stylus, fMRI results in the present study illustrated a distinct left-sided dorsolateral and medial frontal activation during both paper-and computer-based versions of the TMT. These findings are in agreement with previous results indicating the sensitivity of frontal regions in the left hemisphere to the TMT task. In addition, the present study indicates that both versions of the TMT result in similar activation of frontal brain regions during cognitive tasks. Finally, these results suggest that CBT may be effectively employed as a neuropsychological testing tool.
Introduction
Early diagnosis of cognitive disorders provides many benefits relevant to the continued health and quality of life for older people, including economic concerns associated with medical insurance and ongoing care. Due to the special requirements of the elderly population, it would be advantageous to both the patient and the examiner if the methods for early assessment are simple, clear, and easy to perform.
Clinical and medical diagnoses of cognitive impairments require the administration of either paper-based neuropsychological tests or psychological interviews by a trained professional. However, elderly patients brought into a clinical facility or hospital ward are often in the early stages of dementia. As a result, they may refuse to participate in the necessary procedures due to the stressful nature of the experience or fear that the tests may not reflect their ordinary level of ability and cognitive function.
These are several reasons why computer-based neuropsychological testing(CBT)is becoming increasingly popular in such situations. The use of CBT has numerous advantages : utilization of indirect examination relaxes the patient and lowers the stress level, simplification of topics, shorter time required to complete the test, and ease of analysis. CBT allows observation and detailed analysis of patient performance, whereas paper-based testing is limited to simple analysis of performance time. Although relatively few studies have examined the effectiveness of CBT, the advantages are obvious. However, the question of whether the paper-based and computer-based versions of these tests evaluate the same phenomenon remains to be clarified.
To address this issue, a suitable computer-based procedure needs to be developed or selected. In the early stages of dementia, frontal lobe function is diminishedz1, 2|. This type of dysfunction, especially higher brain dysfunction, can be evaluated using the Trail Making Test(TMT)z3|, the Wisconsin Card Sorting Testz4|, or the modified Stroop test z5|. TMT may be a useful indicator for early age-related changes in the frontal lobe, particularly in the dorsolateral prefrontal cortex. Previous research investigating cognitive aging has emphasized the presence of behavioral changes thought to be associated with alterations in frontal lobe function z6|. Using functional magnetic resonance imaging(fMRI)and near infrared spectroscopy (NIRS), activation of the frontal lobe has been observed during the performance of both parts A and B of the TMTz7-9|. This activation is primarily seen in the dorsolateral prefrontal cortex(PFC) and supplementary motor area (SMA) of the left hemisphere.
Several studies have identified frontal lobe dysfunction as an index of dementia. Chen et al. z10|suggested that combined use of Word List Delayed Recall and part B of the TMT may be the optimal tool for the evaluation of cognitive function. In their study, measures of delayed recall and executive function were the best discriminators of subjects who would manifest Alzheimerʼs disease(AD) within 1.5 years versus subjects who would remain unaffected. Along with memory dysfunction, executive dysfunction may be a subtle manifestation of incipient AD z10|. Stern et al. z11| reported differences in brain activation during word list performance between healthy elderly subjects and elderly patients meeting the criteria for probable AD. In healthy subjects, the left anterior cingulate and anterior insula were activated, whereas in probable AD patients, brain activation involved the left posterior temporal cortex, the calcarine cortex, the posterior cingulate cortex(PCC), and the vermis. These authors suggested that use of an alternative neural network by probable AD elderly subjects is a sign that normal function in the anterior brain regions has changed, and the processing of information now requires utilization of posterior brain regions. Woodard et al. z1| found that patients at risk of AD and patients with mild cognitive impairment (MCI) demonstrated a similar pattern of increased activation in the lateral temporoparietal and posterior cingulate/precuneus brain regions relative to the control subjects. Increased activation in frontal brain regions(e.g., left middle frontal, right SMA)was limited to patients with MCI z1|. Functional MRI data recorded during encoding and recognition tasks demonstrated that bilateral temporoparietal and frontal regions are more activated in cognitively normal elderly subjects than in amnestic and non-amnestic MCI subjects z12|. These studies suggest that the evaluation of frontal lobe activation in elderly patients may be an effective tool for the identification and monitoring of cognitive decline. Although TMT has been used to monitor the degree of dementia, the test focuses on frontal lobe dysfunction. In our study, we used TMT as a tool for the detection of cognitive dysfunction.
We developed CBT for the same purpose as TMT, but with a somewhat different task. In TMT, the subjects connect numbers on paper ; while in CBT, the subjects point out letters on a display. Nevertheless, we propose CBT as a cognitive function test similar to TMT. Thus, in this study, we evaluated CBT and TMT using fMRI to observe the similarity and dissimilarity of regions of brain activity during the performance of the two tests.
Methods and Materials

TMT
The TMT consists of two parts, in which a subject is asked to connect 25 circles containing numbers(Part A), or numbers and letters(Part B)arrayed pseudo-randomly on a letter-sized sheet of paper. In Part A(TMT-A)the circles are numbered from 1 to 25. In Part B(TMT-B)the circles contain numbers from 1 to 13 and letters from あ to し(Japanese Hiragana letters), which the patient has to connect in alternating ascending order, from 1-あ to し-13. The total score is the time in seconds taken to complete each partz13|.
CBT
In this study, we utilized CBT to investigate frontal lobe function. The system consists of a personal computer(PC) and a liquid crystal display(LCD)touch-panel screen(LL-T157TRS ; Sharp, Osaka, Japan). The frame size is 173× 235 mm, which is 50％ of the 15" display. The test subject simply touches the display to perform the test requirements. The time to complete the test, the order, and errors are recorded and stored as CSV files. The cognitive test used is a new version resembling TMT, which measures frontal lobe function and is generally used to assess impairment after a traumatic brain injuryz3|. This TMT is administered in two parts, A and B, and the score is obtained by subtracting the test A score from the test B scorez3|.
The CBT contains two types of tests. Either numbers only or numbers and Japanese letters (hiragana) are randomly placed in a 6 × 6 grid on the display. In CBT part A (CBT-A), a series of numbers from 1 to 36 are randomly arranged in a frame (Fig. 1) . The subject is asked to sequentially touch the numbers as they appear. In CBT part B (CBT-B), the subject is asked to touch numbers and letters alternately, as in the TMT. Numbers or letters remained on the display after they are touched.
The CBT procedure is thought to provide the subjects with an enjoyable and relaxed environment during the test. Moreover, most CBT results can be obtained automatically and easily extracted from the PC.
Experimental set up and method
Testing began with introduction of the CBT and TMT while the subject was in the fMRI apparatus. The TMT and CBT were slightly modified for use during fMRI. The subject was instructed to lie in a supine position with the cognitive testing apparatus positioned over the lower torso. The base and board measuring 440 mm in length and 220 mm in width, were manufactured by the investigators for the testing procedure, to allow the subject to perform the task manually. The subject was instructed to use the mirror to look at the board in order to minimize the head motion during the tasks (Fig. 2) .
As the CBT is rather difficult to perform in the gantry of the fMRI apparatus, a screen shot of the CBT was printed and placed on the board, and the subject was asked to point at the number on the paper (Fig. 3) . The size of the frame and paper was the same size as the CBT screen. In the paper version of CBT, the performance time for each letter could not be determined, although the performance time per letter can be recorded in the PC version. For the TMT procedure, the test was also placed on the board, and the subject identified the number with a pencil. A previous study showed that the regions of brain activity did not change with input devices such as PC, touch panel and pencilz14|.
Subjects
Twelve normal, right-handed, young subjects(five males and seven females) with an average age of 26.4 years (± 3.4) were studied. Subjects with abnormal vision due to neurological and psychological disorders were excluded. All subjects who required contact lenses were able to read the numbers. All studies were approved by the ethics committee at Fujimoto General Hospital. In addition, informed consent was obtained from all subjects, and each was briefed with an explanation of the aim and procedure of the experiment.
Task design
Subjects performed the CBT and TMT in a random order with the exception that part B of each test was always followed by part A. An example of the sequence was CBT-A, CBT-B, TMT-A and TMT-B. Each task was presented at 30-s intervals alternating with 30-s rest periods. A baseline signal was acquired during the rest interval. Thus, each task required 3 min to complete (Fig. 4) , and completion of all four tasks required 12 min. The beginning of each set of fMRI signals represented the start of a new task. Functional MRI was conducted using a whole body 1.5 T MRI system (1.5 T, Magnetom Symphony ; Siemens) with a quadrate birdcage head coil. Functional MRI signals were acquired four times, scanning every three min. The examiner would signal the subject by saying "close your eyes" (to stop task) and "open your eyes"(to start task).
Image acquisition and data analysis
Echo planar imaging(EPI)was used for image acquisition z15|, under the following conditions : echo time(TE), 47 ms ; repetition time (TR), 3000 ms ; flip angle (FA), 90°; field of view(FOV), 24.0 cm ; matrix size, 64×64 ; and slice thickness, 5 mm. A single task required 1500 scans. To obtain behavioral data, pointing of either the number or number and letter was observed from the back of the gantry by the examiner. The examiner verified the ascending order of either numbers or numbers and letters. The numbers viewed by the subject after the 30-s task in both TMT and CBT were evaluated by the examiner. The total possible score was 36 for the CBT and 25 for the TMT. The percentage of numbers accomplished was defined as the number attained/36 for CBT and numbers attained/25 for TMT. The percentage of numbers accomplished in each test was calculated after completion of the task. Finally, the numbers accomplished and regions of activation were compared. We applied the analysis of variance(ANOVA)to compare TMT and CBT conditions. Images of brain activity were analyzed using Statistical Parametric Mapping 8 (SPM8 ; http:// www.fil.ion.ucl.ac.uk/spm/)implemented in Matlab 2008 (Mathworks, Sherborn, MA, USA). The first five volumes of each fMRI were discarded to allow stabilization of magnetization. To improve the signal to noise ratio, 8 mm full width at half maximum (FWHM) of the Gaussian smoothing kernel was used. Statistical significance was defined as p＜0.001 (uncorrected). The brain region activated in each subject during the task was identified by SPM. In addition, the brain regions activated in all subjects were identified. These regions were expressed as activation maps. A group analysis was performed first by spatially transforming the activation maps for each participant to a standard brain atlas space. We applied ANOVA to compare TMT and CBT conditions(statistical significance : p＜0.001, uncorrected).
In addition, correlation analysis was performed be- tween activation level on fMRI and sum of the subjectʼs completed scores attained in 30 s(p＜0.001, uncorrected) using SPM8. On fMRI, the activated region during the TMT was Brodmannʼs area(BA)9 of the frontal cortex. Therefore the sums of the scores in the tasks were compared to the activation level in area BA9. The data were corrected for age differencesz16|.
Results
Imaging data
The results of group analysis of fMRI data are shown in Fig. 5 and Table 1 . The results showed that brain activation increased in the PFC and anterior cingulate cortex(ACC)during both the CBT and TMT. The Z-score for CBT-B was the highest in Brodmannʼs areas(BA)9, 10, 45, and 47. The results also showed that the frontal lobes were most activated during CBT-B performance. In addition, activation was observed in the SMA, premotor (PM), parietal, and associative visual cortices. The differences in regions of activation between CBT and TMT are shown in Table 2 . We observed significantly greater activation in BA32 of the cingulate gyrus in TMT than in CBT. Significantly greater activation in supplementary motor area BA6 was also found in TMT-B compared to CBT-B. Figure 6 shows the regions that were activated differently in CBT and TMT. The region of BA17 was significantly more activated while performing CBT-A than while executing TMT-A (Fig. 6A) . BA32 was significantly more activated in TMT-A than in CBT-A (Fig. 6B ). BA17 and BA18 were significantly more activated in CBT-B than in TMT-B (Fig. 6C ) . BA6 and BA32 were significantly more activated in TMT-B than in CBT-B (Fig. 6D) .
Behavioral data
The percentage of numbers accomplished was higher in CBT than in TMT, and a statistically significant difference was found between CBT-A and TMT-A and-B (Fig. 7) . Therefore, behavioral performance was better in CBT than in TMT. Figure 8 shows the relationship between activation intensity in region BA9 and the sum of numbers accomplished all TMT and CBT tasks. The scores of all the tasks do not correlate well with the activation intensity. When we analyzed the correlation between the activation intensity in region BA9 with the score of each individual task (Table 3) , no correlation was observed in TMT-B.
Correlation between fMRI activation and behavioral data
Discussion
Using fMRI, Zakzanis et al.z8|confirmed previous results demonstrating brain activation during performance of the TMT. When comparing the performance in TMT-B and TMT-A, the results indicated a predominant activation of left-sided brain regions, including the dorsolateral PFC (superior and middle frontal gyrus) and cortical areas involved in motor control (precentral gyrus, cingulate gyrus, and medial frontal gyrus). Kammer et al. z17| suggested that the dorsolateral PFC(BA9, 10, 46, and 47) are activated during the performance of a working memory task. Likewise, spatial working memory tasks were associated with activation in frontal brain regions z18, 19|. The cognitive CBT employed in the present study also includes attention and memory aspects, as represented by the search and retention of the target numbers and/or letters.
The present findings regarding brain activation during the CBT developed for this study were in Advanced Biomedical Engineering. Vol. 3, 2014. Table 2 Fig. 6 Regions showing significantly difference between TMT and CBT. To compare the two tests, larger activating values were set as follows : agreement with previous studies utilizing TMT, showing the sensitivity and activation of left frontal brain regions during cognitive task performance. Thus, CBT can be used to measure the same phenomena measured by paperbased neuropsychological tests. Additional brain activation in the SMA and premotor, parietal, and associative visual cortices supports the notion that brain-behavior correlations during TMT and CBT performance are multifaceted and not restricted to the frontal lobe. This is probably due to the involvement of vision and coordinated movement in these tasks.
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The differences in region of activation between TMT and CBT are shown in Fig. 6 and Table 2 . The TMT test activated the PFC to a greater extent than the CBT. BA32 and BA6 are regions involved in processes requiring special attention z20, 21|. On the other hand, CBT activated BA17 and BA18 significantly. BA17 and 18 are activated by visual imagery z22|. Thus, the different regions activated in TMT and CBT are not affected by the cognitive element.
When comparing the summed scores to activation level of the brain, no correlation was observed with the scores of all the tasks. However, in the frontal region associated with focusing attention, the correlation between activation level on fMRI and summed score was lower in the TMT test than in the CBT test, as shown in Table 3 , suggesting that the CBT test activates the frontal region to a greater extent than the TMT test. No correlation was found for activation in TMT-B at the voxel-wise threshold of p＝0.001. When a more liberal threshold of p＝0.005 was used, extensive TMT-B activation was observed.
These results support the activation in BA9 and BA10, which is related to maintaining instructions in the working memory during task execution z23|. BA9 and BA10 are areas involved in the working memory z24|. CBT tasks appear to simply activate the frontal lobe in terms of learning. Moreover, the numbers may have been easier to identify visually and to touch on the display screen in the CBT procedure.
Based on the present results, the CBT may be considered a reliable test for the same neuropsychological phenomena assessed by the paper-based TMT. Therefore, CBT can be an effective tool for brain function analysis and screening for cognitive decline after injury and during the normal aging process.
Conclusion
In this study, we developed a CBT and compared it with TMT, a conventional test used to assess the frontal lobe area. The observed brain activation in the frontal lobe area during CBT was greater than that during TMT. Thus, CBT may be used as a neuropsychological test. 
